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[1] Changes in the timing and magnitude of winter-spring
streamflows were analyzed for gaging stations in eastern
North America north of 41� north latitude during various
periods through 2002. Approximately 32 percent of stations
north of 44� have significantly earlier flows over the 50, 60,
70, and 90 year periods; 64 percent have significantly earlier
flows over the 80 year period; there are no stations
significantly later flows for any time period examined.
Flows for the average of all stations north of 44� became
earlier by 6.1, 4.4, 4.8, 8.6, and 6.5 days for the 50 through
90 year periods, respectively. Changes over time in monthly
mean runoff support the flow timing results—January,
February, and particularly March runoff show much higher
percentages of stations with increases than with decreases
over all time periods and May runoff shows relatively high
percentages of stations with decreases. Citation: Hodgkins,

G. A., and R. W. Dudley (2006), Changes in the timing of winter–

spring streamflows in eastern North America, 1913–2002,

Geophys. Res. Lett., 33, L06402, doi:10.1029/2005GL025593.

1. Introduction

[2] Streamflow represents the integrated response of a
drainage basin to climatic variables, especially precipitation
and temperature. It is essential to understand the sensitivity
of hydrologic variables such as streamflow to climatic
change because human societies and aquatic and riparian
ecosystems depend on the hydrologic cycle. One important
area of study in regions of the world that have substantial
snowmelt runoff is the timing of winter-spring streamflows.
[3] Three studies analyzed changes in streamflow timing

at an extensive number of snowmelt-dominated rivers in
western North America for most of the second half of the
20th century [Cayan et al., 2001; Regonda et al., 2005;
Stewart et al., 2005]. Streamflow became significantly
earlier for many rivers; a majority of rivers had 3 to
20 day advances in timing with the largest advances
occurring at rivers draining mid-elevation basins. Few rivers
showed significant changes toward later flows.
[4] Changes in winter-spring streamflow timing also

were analyzed for some parts of eastern North America:
southeastern Canada and the far northeastern USA [Zhang
et al., 2001; Burn and Hag Elnur, 2002; Hodgkins et al.,
2003]. Significant changes toward earlier streamflow during
the last century were found in the areas studied with almost
no significant changes toward later streamflow. Information
on the magnitude of changes is available only for some
rivers in the far northeastern part of the USA where

streamflows became earlier by 1 to 2 weeks. This article
focuses on the significance and magnitude of temporal
changes in the timing of winter-spring streamflows across
eastern North America since 1913.

2. Data and Methods

[5] Daily mean streamflow data from rivers that drain
relatively natural basins in eastern parts of the USA and
Canada were used for this study. Streamflow-gaging
stations were included if they had data spanning at least
50 years through 2002, no more than 5 percent missing data,
and were located north of 41� north latitude and east of 100�
west longitude. Stations in Quebec, Canada were included if
data were available through 2001. We were interested in
temporal changes in the timing of winter-spring streamflows
in eastern North America that are substantially and regularly
augmented by snowmelt runoff; substantial snowmelt runoff
was not expected south of 41�. In the United States, data
were obtained from the U.S. Geological Survey (USGS)
Hydro-Climatic Data Network (HCDN) which includes data
from 1659 streamflow-gaging stations across the USA
[Slack and Landwehr, 1992]. This network contains stations
with good quality data whose basins are relatively free of
human influences such as regulation, diversion, land-use
change, or extreme ground-water pumpage. Data from
stations that met HCDN criteria for daily mean flows were
used. Local USGS offices were contacted to make sure the
relevant HCDN basins were still considered to be relatively
natural. Canadian streamflow data were obtained from
Environment Canada’s Reference Hydrometric Basin
Network (RHBN) which contains 243 streamflow-gaging
stations and has similar criteria to the HCDN network
[Harvey et al., 1999]. Some 179 gaging stations met the
criteria of this study, with 147 in the USA and 32 in Canada.
Only 1 station is north of 50� north latitude.
[6] Monthly air-temperature and precipitation time series

were obtained from the U.S. Historical Climatology
Network (HCN) [Karl et al., 1990]. The HCN data have
been subjected to quality control and homogeneity testing
and have been adjusted for several known biases, such as
changes in station location.
[7] For a robust measure of streamflow timing at the

selected streamflow-gaging stations, we used the center of
volume (CV) date, which was first suggested by Court
[1962]. To compute the CV date, daily flow volumes from
the start to the end of each year or season are summed. The
CV date is then computed as the date, from the start of the
year or season, by which half or more of the volume flows
by a gaging station. For this study, seasonal winter-spring
(January 1 through June 30) center of volume (WSCV)
dates were computed so that fall high flows wouldn’t
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